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(54) DEVICE AND METHOD FOR LASER BEAM MACHINING 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a device for 
laser beam machining with which a work to be machined 
is precisely cut without a molten part or a crack which is 
deviated from a planned cutting line on the surface of 
the work to be machined. 

SOLUTION: The device is provided with a laser beam 
source 101 which emits a pulse laser beam of which 
pulse width is 1 jis smaller, a power adjustment part 401 
which adjusts the magnitude of the power of the pulse 
laser beam, a lens selection mechanism 403 including a 
plurality of condenser lenses which condense the pulse 
laser beam so that the peak power density at the focal 
point P of the pulse laser beam becomes 1 x 1 08 
(W/cm2) or larger, a Z-axis stage 1 1 3 with which the 
focal point P of the pulse laser beam condensed with the 
condenser lenses is positioned inside the work 1 to be 
machined, and an X (Y)-axis stages 109 (1 1 1) which 
relatively moves the focal point P along the planned 
cutting line 5 of the work 1 to be machined. The 
respective aperture numbers of optical system including the condenser lenses 105a to 105c are 
different from one another. The dimension of a property modification spot formed inside the 
work 1 to be machined is controlled by adjusting the aperture number and the magnitude of the 
power of the pulse laser beam. The dimension is displayed prior to the machining with the laser 
beam. 
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7t©*7 , e^ffl^wic^ifi^-&§^ffii#g^^«x., ip 

Xtt£^©rt&£lftft*5£-&fr-t»:T 1 /^XOM;Wl/ 
— *f ^*APX*f^tgS*f t Z>Ctlc£K>. JrPXttSite 
©rtgpfc l o©afcfixj}?-;> hASffM^tu was# 
stc^OBHasstis/^i/xu— if^e©^v-©^:#2s 
t;aa©«)tfliu>x**£ry£*3R©MPft©***© 
20 mt #«x* -v f© t ©fiiaKia*'^ 4&as« lt^s 

napa© a t * tc s-^vt cnso^t^ t-M^ns 

i: . rfaa»3#afc: J: t> ft fc&MX # 
•y h©Tj-a*S^T5Tj-j*&5*#afc, ^fiixSc 
3. 

[0 0 19] *fBUUc«.3U— tfiPXgg£<fcttfcf» ± 
gS*»Wt«SU-lflraxl6«i:ra«©a*ii:j:t), 5ft 
30 lx*-y h©vf)4©SiJffliT'$.5A^$©8l^ti J ^-rii 

[0 0 2 0] tUiKWLfcU— *fJraxs«tt, ^tasw 

¥STas?*nfc>m©*iix5p >v h ©®«*fffi8-r *• 
fa. cnianif. fgfiK^nsKSxsS'y hKot^T 

U-ifiiPXBuK:?S«WK:ffla-rs c i:*^**,, 

[0 0 2 1] U— »f APXSBtt, /^bX*B 
40 *■« 1 jisJ^TC^^XU- Ifft^ffiStffS U- If^ig 
i:, U— »f^ig*^/±l*f*ns/Vl/Xl-'— -f^©^ 1 ?- 

©>c#s*wiH!-ra-'< , 7-nap#ai:, u— tf^jg^e. 

tflXlO" (W/cm 2 ) JW±>C^S<t'5tC-'^l/XU— 

x u— 9-"^©m^ jS*ftn»*tt©rtSSK^*>**#ia 

*PX^%I©^»f^^^ T/^UX If 
3tt©jR3ttjiS*ffl»Wt»»«-»i:*»i(l#a4:*fllit, *P 
I»^©F«3gpt*^*^-fe-y:T 1 ><;l/X©/Vl/XU 

so — »fye*irax»*»K8a»-r* c tic <t DiBttft© 
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k «k o mms n% > wx u— *r ytv» w— <d± % s t esr 

StXtf-y hOTftti:OffiBaRI«* : Pi6iHttbfeffiHll!l« 

TrafcJBJ*T*a/<>1/XU— tfft©/<7— ©±*S*ffl 
IHHftf Ett¥S! A^ & IRt S / < 7 -3SJR#S k *« 
/ <7 -HfflS^SH: / < -7 H8ft#S K <fc *) 38ft S nfc / < 7 
-O^JtSSJ: 5 £ Wlfttflfr &ttUtt£4l«'VI/ 

~$%>o 10 

[0 0 2 2] tfApxggcfcnff, ^ 

;wu- 9'j l eoA7-£D^:ir*f:*Kx#>v bOTj-ak 

[0023] *¥micmz i>— vtujimmt. 

Ok!— ^^7— SBSAM x l o 8 (w/cm 2 ) feLhKfcSJ: 

fciniJMMasfcSBftrr s c k k * o *ni««»ortfflK 
HHflM^^ibett Lfcffinn«MB«^a k . e^stx # 

<OA£ £ *ffl(BB8«Ett#®^ 5 SSW S HJPSGBS?* 
SkSrffii*, MP»Mfl!#8H:IMP»jfflR#&fc:J:!)S 

tr3t^©HP»©**s*mw-r*» cktisttt 10 
[0024] *%wtc^au-ifipi^Ht«J:njf, m 

PRtDAffSkefcStXsK'V hC^fcOti^K^*^* 

MPSa&ifMftli: J: ») a*?* tift IW P»o* # « i: ft * 
<fc -5 tiWtffl U>X^#£y)fr^©P,BPR©A#2£-iS 



14 

[0025] *mmc&2> U— f taJMUtt. /WXM 

w 1 /i s&cfv'Wx u— *f ft* mm-? z u— «f)t» 
k, u-if^A^mwsnfc^^xu— ?ft<Dmyt& 

©t?-^7-ffifiAM x 1 0 8 (W/cm 2 ) fcUifci&aj; 

froaas©*^ u->x*3h«5Ib£& u ^xss?*® k 

P*#S&D, U>X31fl?#ar-3MlR^nfc*^fflb> 
>fc«io T/^;l/X U-1fft©*ftj&*ffitti$£&ftS-e 
c kicfc Oinittg^ortSPK 1 o©BfcHx#-y h A^ 

*«h. a*0*3tfflU>XORIP»0*#*fcailX 
# -v h © k ©tlHH8S£^i6te« L fcffiHHftSEtt 

KJBdt"P#aBBPftO**S*fflKIBi«iEtt¥lft3b^S 

RiiK#an: ± 0 a*?"*n/£uap»o** * k&s ± 5 
tc?iR©»7 , effli->xo)SJR*-rs, ztzmmt? 

[0 0 2 6] ^KS5U- «f'iPlSStCj;ntf. 25 

*Mpao**«**BMi8«ia«#®*^a*?-r«o u 
>x^«?#af4MPsaM3#aK: <t aRsnfcHpa 

[0027] u— »firaiSB»» /^i/X4i 

as** nfc^;i/x ix— »f)to^jso tr— ^ ^7-sbjs 

AM x l o 8 (W/cm 2 ) £A±.\cr&2>£.o\z/<>\sX\s—*?it 
OBBP»0*#**Wfip-rsBBPJMHfilS¥ai:, 

&t>HT l ^;l/X©^;l/XU--+T)1£^iiPX^4%tcBB|f 
■TS<li:lcJ:»3AnX5>fft!t4j©F«3g|5t io©cJiKx#-y h 

A^fiEsn, ^7-saa5^gjcj;»3i@gi5^ns^;i/xu 

— if ft<D^7-<0*# SRtfBHPfWBHI^at «fe 0 WBP 
SftSBflPtt©**S©Cfc?fcHXJl«'y (-0^at©«S 

arfi»p»o***offl**iB!iM«Ett¥a3!j>6as»i-r 
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[0 0 2 8] *$8BBfc:«*b— ftilJLmWlcZnii. * 

— ©*#£atfMPa©:*:#£i::8:S<fc'3fc:, 

©*SSRtf*^U>X*frtr^£©MP»©*# 
2*IggiIfSo ioT, i5r3©\J-i£©&SCX#<y h=£Jg 
itSCi^ftSo ©*#£RtfBllP» 
©*2 5*#ffl#-&*>£TI, ■>£©-??, BfcKX#-y h©v|-)£ 

©sjot?# t *«nran?;&So 

[0 0 2 9] *5gWlC^S U— *f1)QT.mWl±, swxm 

fr&tiiM2i\tc/WXl>— 1f?fc©*3tt5©fcr— ~*7i*V— "20 
m&tfl X 1 0 8 (W/cm 2 ) WIC^SJCM^WXI/- 

irjiit*«3W*««ffl u>x*«a**j^*»©jfcfe 
fflu>x*aHRpifiiftu>xa*?¥ai:*flt*, *sa© 

/M/Xl/- <fft**ni2*ftto£!«jif-r*«i i:fc<t 9APX ao 

^^©rtgptc i o©5$tstx#-y h^jgfiSc^n. 
#^St/1SStO*^fflU^X©gflPSt©^:fr^©fflfc5!j 
fBtt^ISi:, &«X^y h©^&©A7JKa^TC© 

2)->e>til#f£ttS^7l/Xb— !f)fc©/W— ©*#2©illi5 40 

[0030] u-ifiax^Bfctnif, 3fc 

«X#>y h©^£©A;fo£g^TC©\fi£fc:fBJir?# 

?&tfggpao^#^i:*s«fc'5t. ^n-^n, u— »f 
»iflsRrfaa©jii«fflu>xoaw*-rao m 

M©rra©3tHX#-y h»St5Ci:^t5„ $ so 
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l/>;f>©T\ S^X^y h©^i£©3Hli»T*#3*:££©@ 
[0 0 3 1] U—if AOXSgt^V^T, 

arRtflfflp»©****s*-rs8 

If, h©^S;©A7JKg^TU~ IfboXg 

So 

[0032] *fg^tc^a u-flraiglcfe^T, 9] 
Wf^7'C>tc?ftoTj[rax*f^©rtg|Jt«a©StMx 
#<y h£^»£-rsc Ctl£©&SX#-y h 

icfcoaaiffiwwB^sn*,, a*flH«ttirax*t*»© 

[0 0 3 3] ftfe, ^«7-EiflS#a<0»*fc LT, Mx 

fifflb- *f*^*, ioU- »finXl6H*«BtoBffiU— *f 
©K»«lJE**J»-r S Sf&«8K«i|»#fiS«fit * ttfll t 

*SIB5-C#S. BBP»MflP#ao»«fcbr» ffl 

*.tf, e-Ax^X/^XaufSI^ 9 ©5 5'>£< i: 

[0034] *^tc^a u— «firax?jffij±, /^i/xu 
— !f3ttoiSit^*linx«««jOF«iaiJK:^t>*r, Anx» 

^©^JBf^^-Y >C^oT*PXW^©rtg|5lC^^ 

*3lfi©/<l7— ** 1 XS<fe 9y^# < Xtt/hS 3 
frO/^Xl/- »f^©**^*iPX^Sl%l© 

rtgptc^rt>-i±T, iipxwma^y^i/x U— 9*^^M*f-r 

T 2raX*tSM%© ^>t?«RiR ic «fe 5 flS©&KfB«e* 

[0 0 3 5] Sfc, *»B8tC«* b— IfiPX^iS (±, 
;l/X U'-lf7t©»7 , e^^iPxmKi©i*igp^-&fc-y:T, 
iraxM^a»c^;i/x u— yyvtwM? S c K J; t> , *P 

X If SlBJtffl U>X*^trtlfi*l50BflP 

a^rlg l iSi K> < Xfi^S < & 3 <t 3 fcPii5 U 
*0'W7U- J U-*)'e©*^^iPX^IS3©F , ga3t^to 
•arT, *px^^lc^;l/XU-+t i ^SB*t-r^ii tlc£ 
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coo3 6] c tittmwtcmz is— *f toxemic zti 
a^riRifceiw^HMia^iRit^feaa^ ««#ggft 

[0 0 3 7] 

ijpx^SjRtfU— •fipxgSfi, ^?®iR{c«fct)3je 

[0 0 3 8] tt^KlK^VK^-f <fct> 
©i^l^-h v AVjN^v'ifc^Wfc^Wi:**; <ko "26 

■t&tnh v >Ec£D^ (n=2, 3, 4, • • • T'& 

j£©fcf— Vl^V— m& (W/cm 2 ) T'&StK GHxtflf— 
V>W—mfflf> UIO" (W/cm 2 ) W±<D^T?^^ 

s 0 >i8HK®i&&, u~ yfitammtv— tm© 
[0039] c<d£o &&K?o&iR?zmm-?2>*mMB 
KKW-f m i liL'— tf*axpf'©iax^^ 1 ©¥11512 

T-fetK 0254121 t^-riPX^%l©II-I«ai£:Jft 
o /cBfSST-fe *} , 0 3 ti U— *fiPXm©i]PX»g}% i 

0 . 0 4 aia 3 c^-rtDxftg^ 1 © rv- 

IV^fCjftofcBfffiHTS 9, 12 5 3 IC^-TtPX^ 
%1 ©V-V*£fc»ofc&r®l2T-&tk 06tt9J»r2ttfc 40 
iOlMftl 1 ©^PSST-feSo 

[0040] mi atf h 2 t^-r ± 3 4nx»»» 1 

0^ffi3K(i^]Bf^^'r>'5*^So gjHrf^^f > 

— *f4nx«, ^^©iR^xi:s^T'iiPX^%i<D 
rtat*«^iP*^t>-e-r u-if3tL*lrax»ft«i 1 icm 

[0 0 4 1] U— 9m*3J»r?j£7-'l'>5K:i£JoT 
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tfgjBrKe^-O 5 tift-DTiPXW^ 1 ©rtgflK©* 
JBritSttSo *jtfi£^tc«S U— !filPX^}4lis *PI 

nsmn i a* u— *f ytvtykwt zctK£*) tannmrn 

Km® 1 KU— tf3tL*38ia«-e:4aX3**1ft 1 ©rtSPfc: 
o T, iPXttfi^ 1 ©SM 3 T-« U— »f ttLtfK £A,£ 

wsna^oT« apxm^ i <Dmffi3tfmm-tz>c 
[0042] mxttMMi i o^oRftfevT, gj«rr s® 

mtiEjS*^*i:liBX3«MSl l «*-©j£jSfr5»ms© 
t% 0 6 tc^-r j; ? tcttUft/jNS ft7jT-iPX*f«iti 1 * 

MtScttfTtS. iot, APX^!fel«>*®3 

K*&gft*in*«££-es c t ft < teamm® 1 <o«j 

[0 0 4 3] ftfe. *«««*fijSi: bfci)PX^*tl© 

3cKm^*e^hLTJipx*f*^sijn. iraxjt* 

Tiax^*«rtcft Wis*jf>-a-AJWjs**iPAfc t> . ipx 
h\z&K>, i»H««*iejilii:bTirax»ft»oBrfflZriRi 

nrv^ft ^aj»±oass -psim^ifejfe* c t *^ft < , 

Ssot, coi? ft&j»tt©«fcv>#JW#att*S3jjHi 

[0044] st, ^m&mc&^T&yt^ykWz*. 

*) BUZZ ti%&m.ffimtLT, (D ~ ( 3 ) 

So 

[0045] ( i ) mnmmtt— oxt±its© ^ ^ - y ^ 

V—^f^tWTMma mitlSJS 7 X-^L iTa03 *^ €, ft S 
»^Jg*<l x i o 8 (W/cm 2 ) tLh^o/^l/Xfi** 1 
*«?®iR*^U«-eoo4ni»*«j«ffits!*W-ft^^ 
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-^4#ifC« iPXtt#tf&<OrtSPk:©#*-5 *y irffiM 

s 0 c<Dft¥mmmic£vi)nxtt»m<r>ftmcmt}-?2>- 

X 1 O 12 (W/cm 2 ) T'fcSo /M/Xifltefi&Rfcf 1 ns~ 2 
OOnsWSLK &fc\ ^tt^RiKlciS^-y^ll 

I (1 9 9 8^. 1 2/3) ©Iff 2 31-^2 8M<D r@ io 
icKStSftTl/^So 

[0 0 4 61 WW&Jfi^^-y^ 
[00 4 7] (A) ipxtt&tfcl : ;WU«;*x*7X 

OP^T 7 0 0 Jim) 

(B) U— If 

ftM : ¥«i*U— VmmXd :YAGU— *f 

j&fi : 1 0 6'4~nm 20 

U— 9*ftX#-y h»rffi« : 3. 1 4 x 1 0" 8 cm 2 

fgJSJgJi : QX^-y^;l/X 

*£9}ILJ^j&lfc : 1 0 0kHz 

;^l/Xi|iB : 3 Ons 

m7J : mtl< lmJ/^;l/X 

U— »fftq c «H : TEMoo 

(C) IHttfflUVX 

(d) hQj:ir4mMt>mw-£nz>m.wi5<Di$W]mm .10 30 

Omm/# 

[0048] 0 7(±±ienii©*s^^-ry57T-6 

tcB^n/i^-y^gGtf (^77^x#7h) 

USt&So ^-y^Xtfy h(D±%-£l±, ^y;7X# w 

So 7?7^com.tiT°ttT-ztem : 9tmi'^x co 

O^Wl OOIS, F^PiSt (NA) #0. 8 0Oim 

So -73. ^74><oa*.i?^r7*— *»jfc)fcfflu>x 
(O ofiwsoi, nanifc (na) #0. 5501^ 
t?sso ^-t'sy-mm-tf 1 0" (w/cm 2 ) ga^e, 

[0 0 4 9] *HfigJg^tC^SU— ifiPltfeV so 
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XA(COV^TH8~0 l 1 *fflVTttt^-rSo 08(Cf 

-f <fc 5 fc, £ft?8ftiR;tf£i;s*ttTini»*l* 1 ©rt 

tr««Tfea„ B9£a*-r«fc3fc:*7'yi'««9*fij£i 
£LT^-y?#2fD£j&6U H 1 Otjjrf <£Mc? 
^•y^tfiPX##tf%l©*ffi3i:BIi2 ltciUilU El 

1 1 £5vr <t a irtpi^^ 1 swwns c t \z <t 0 spx 

WcfttfBHraSns c fc£ J; 9j&R-rsi§-&fcfcSo 
[0 0 5 0] ( 2 ) 3Mtt#«lftffllIMtt<D«£' 

3£fi# 1 x 1 o 8 (W/cm 2 ) UUiT*fro/Vl/Xi|>s# 1 /is 
«TO*ttT!HSit5. cnc«t 0*DX»*«BOrtWH: 
^^iRtctoT^WKAD^SnSo ccDtPfgUCJ; 

fc««i:^3ci:t>T?*S„ ofO^ fi9*fcf. #SBHt« 
^«S»jfi**£f«Jik:^tLfc««*3S«-r*o APX 

{StUTti. CTxtf 1 x l 0 12 (W/cm 2 ) TSSo 
XHtitflRfcf 1 ns~2 0 Ons*W S 
[0 0 5 1] fJn>'J'i^©F , 3g|5T-?g^ 

[00 5 2] (A) 2mx*t#s% >"^iA (JPS 

3 5 O (ii, WS4'l'yf) 

(B) U— 9* 
3tt»:*SW*U— »flffliEMd:YAGU— «f 
?Sfi : 1 0 6 4 nm 

U— tf7tX5K<y MKBSa : 3. 1 4 x l o- 8 cm 2 

: QX-C-y^WX 
^0JILJ^»t!i : 1 0 0kHz 
^^;l/XifB : 3 Ons 
ttST: : 2 0 /i J/^;l/X 
b— «f : TEMoo 

(C) m^ffli^vx 
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: 5 OiS 
NA : 0 . 5 5 

(d) bnj:MMim*mwznzmwi$<D&mmm : i o 

Omm/# 

[0 0 5 3] 1 3aVSWf«iRK:J; 

U 3 >aS<DJP*t*^5 0 /ini, 1 00/im, 2 0 0 /Am. 
5 0 0 pnu 1 0 0 0 /£mO*^fc-3t^T±|EI!Bfll*^b 

[0 0 5 4] Mxtf, Nd:YAGU— 1f<DfeBT*&5 1 0 6 
^nmfcftC^'TV i/ V =i i>"fiffi<DJP## 5 0 0 fimtTFZ) 20 
«£\ > U 3 Vffi«<D[*lgi$Ti;i U— *f fttf 8 0 %tt±S 

m-?z>£ttfftfrz> 0 mi 2^^-r^un^^x^M 1 

<DJP2&3 5 0 fimT*&Z><DT\ ^?®lRJCctSJS14 
5/ U n > i> x A©^MiS, ofD SMfr £ 

1 7 5 /iio«»fc:M?n*o c<D«^©aa*t±, 
I$2 0 0|ii!i^>y3y»)x^##wt 90 

®iR*nso«€^T*feO. «fcA,£#jgifl-r*o CCD 

S66i (2 00 0^4^) ^7 2l~Sg7 3l© 

r hr u— 9* &%>i")u xotun^wmj 
[0055] ftfc, ^'ja^iAit, «lMflM«£ 
titfii/V n>^x/N<DgS^SStcgM"r^c fctci J: 40 

tsja-r*iiowtia:eiSfc:a«"r*iidfe**L, *n 

X JMMfcfc: * *P ? ti S c i: Jc <fc ?) /SfiiT 3 iS^ t> & 

z> Q siinaassa^e^u^^^x^NoftMi:* 
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imDT\ »J»f*J»3E»^Sai:a«o 

[0056] ( 3 ) i$Ka«^jasf **{b«a«o»* 
*f«*ipx»«ft («Atf«7X) orttfkiifcj'ifijS 

*-&fc-£T. ftetjSfcfcttSWM&Stfl x 1 o 8 (W/c 
m 2 ) W±-P*0/<;1/X*a« 1 nslXT<D0kftT*mtt?Z>o 
^;l/X«4SftTlfi< Its ^Jtf ®iR*4PXi«fe»(0 

KffliiLTtt, #1*1*1 x 1 o 12 (W/cm 2 ) "pfeS 0 
;I/XlBfcJ:0»l*tf 1 nsttTtf»$ b < . 1 psJWTtfS etc 

011*. fcf. ^4 2 EI y^iPXW^tnX* (19 9 7 
llfl) 51-^1 1 11^ r7iAhf) 

[0 0 5 7] "JM±Oct5C*H«BB«fc:intf, 
tt. /^I/XU- IfJtCD 1 /^l/X£0i/3 y h (OS 0 1 
[0 0 5 8] t'yyfXtfy btf±%*?¥2>£^ EJIJrP 

s^^>^»ofeftpxwft%o9j»f<o»a^T^?)^ s 

Bll 9*mt^TBlBa*r«o Ell 4 tt**j|0Btlfc:«* U 
— *fJjPX»ffi«rmv^T^^^^X^^ h^rJ:t«W^^< 
JB«bfcii^OiPX»*« 1 <D¥BBH-eaB5 0 Hl5li 
Ell 4<0«K^5>r>5±OXV-XV»*:}&oT«I»fLfc 
BfBHTfeSo EI 1 6 . Bl l 7 . EI 1 8 ti^ti^tiH l 
A<0^]^\^^^Z/S kjfi^'TSXVI-XVI, XVII-XVII, 

xviii-xviiitcjaoTejBfLrcBfffiHTfcSo cneo 
*77^x#7 h 9 oo^f joaeott** 

<^a 0 J:oT. H l 9^^-TJ:5^Bt^vY>5 
*c»ofc*PX»** 1 0«»rO«ffltfH< &So 
*PX»*%1 1 O^Kfffi 4 3 OC3fl*^* < ftSflD-WWr 
B4 3 0 1 FitttfI<4So cntC^fLT, 12 0^ 

*sa»«iife:«six— *«ipx^tt*fflt^T* 

7 7^#'y h 9 0*Jt«W/J^< 2 0 /iniW 

T) Z^yZXtfv b 9 O^iS— 
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^-r± 5 t«iiTg5^> s »c»ofeftix*fft«i i com 

So 

[0 0 5 93 C^J:5t^77^^7h^t^ 

tf»6WM*fS<:i:tf"P*4^. fib, J»*««* 

■T ff s taxttMo«Ktf BM a s « 
[0 0 6 0] 3|^B^iBfc:«tntf*9^*x*^ ho>f 

100, NAO. 8©1^©^77^X/I?7h^^ 
tt. *ftfflU>X<D{g^5 0. NAO. 5 5*1^^7 

mfiti. 5fefiWBBLftJ:5lc:l/— 1f3eoi^;I/Xafc5 
[0 0 6 1] Sfc «*iuyXoHP»tfHi:"et), 

*** < -TS ^^77^X^7 < 

[0 0 6 2] cfcoTx i7^t^77A^»A^cJ:7 

/h« < -r S c i:^ if Jtto/<7— *** < "T « c c 
[0 0 6 3] YCD^&Uma^T, 0 

k:*)tsnTir^*4nxJ**W l OKBHTftSo S«4 

t^ffi^lOfSM^^o/cIStfe^o B2 3«4. 

nfc^^^^X^^ h 9 0OBfffiH7S5o — fi> 0 2 
4lc^tm^ 0 2 2«c^-rfl«J:?)**^BBP»0«3tt 
flJU>X*fl§l/^EV<;l/Xl^— IfittL^rtgPfclUICStiT 

7*X*7h9 0ORIBT$S o ^77^X^7h9 

o<omzh&m&4 i oinxj*** i ojps^riRjfcfea- 

&\fi£fc:fic#U ^y^Xtfy h 9 0 <0«6wfcJ:®*£ 4 
k>77>X^ h 9 0 <D^2h^i|gw^/h£ < T'^. C 
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h**fc**f?<T?*So H2 3 £02 5*Jt«-rtltfBB 

e>*^j:ajc. u-if^oAy-^|pii:«^ «7tfflu 

^ ^X#*y h 9 0OSBSh*«wO>fffi«/hS < tkZ 
<) SOTe**. 

[0 0 6 4] 12 6^^]^ i2 2t:^t 

(Mi:D/jN^vv^-o^;l/Xl^-1f^L^rtgB^^^ 

nrv^inxw*?* i oBfffiHT^So 026 ^^rrwi 

10 T&L—" IfJtO^y— */hS< LTt>SOT'S«4 1 <D 
ffi»»H2 2k:^-rta«4 1 <fct)fe/jN^<*S 0 02 7 

titZtlfcf^yZXtfy h 9 OORIBT^So 02 3 

pfttfHi:*^ u— »f«o/^-*/>*< (*#<) 

t§^^77^X>f7 h 9 OOBf^h^fiwO^-ffi^/J^. 

< (*#<) iwwesso 

[0 0 6 5] B2 8t^fitt 02 4tC^-r 

01 J: 0^^Vv^-OA;bXl^---tf^L^rtgp^*7 , e^ 
2o" % n'Tl/^iPXjfft*Sl 1 OWM0T&£ O 02 9&, £0) 

*^y*X#y h 9 O<Dt6rE0T££ o 02 3^02 9 

< 0h£<) L<poU—9 f «©/^7-*/>*< (** 
<) *TS£, >77«*y h9 ooffi^h^i|gwO>j-ffi 

[0 0 6 6] fcC5T% ^*y^X#*y hO«jaRTI64 
i54Mi:ft«o COl^ J tfJteW«HCll3tfflU>X 

40 [0067] t^o^a^^nsfijgjitc^ntf^^^^ 

X#*y h©\H£*WJWT?#So i7^^y^X#*y hO^fii 
So Sfc ^>y^X#*y hOTfffittHPX»*»0*JK 
W/h5^^nxj**iKifrcov>TaaiKx^^ h*/Jx*<-r 
so hr^ Q s/c. WX*7 h^#<-rsciiitcj:t). 
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m& mm m± * v ^px»*»t t a £ a s » 

[0 0 6 8] Sfc* WAtfiPX3«fc«Otea^rffl}b<J!RH 
£<fc?K inX»**^fflW^SSa*FRii:«»ftfH«ta 
TSftfctffcSJg^tf&So CO<J:5ft*PXttft$»<DlHKr 
tcfcV^T. 0!l*.fcfB2 0Rt/El2 nc^-r^fc:. «j»f 

[0 0 6 9] aax^y hOTj-tto»JIP*^**z:fc»«: 

So U— »f^^7— 1 ^;l/XSfc 5 O 
x*;I/^- (J) tStili:feTtSU 
5©x*;^ ^ if^OS&a^CfcffiTfc&T 

[0 07 0] 3Mc, '^I^lOMi^PJT^o 20- 

[0071] mi mi *mmwi(om \ mtz&z u- 

ifinn^Buioi/^TKW-rSo B3 lttcow- *f&px 

£■4 OO0tttt#b£Br?&&. U— *finXS«4 0 0 

u— »f7tL*^*rsu-^a5i o 1 1. u— ? 

1 0 1 *»J»-r* U— If 10 2*:. U— If* 

«i o i^6a#t*nfcu—if*Lo/^ , 7— *w«s-rs 
[0072] /vjhwmm o i it, mza* as^ND 

(neutral density) 7 )l>$ &HV7 )l> $ & U—*f 30 

Jt^«lt»LTill«:ttlt»lS*ft!) U— tfttL 
<0}tt8S^»»S^t)-r*««lfc. £r<lx-So ND^ 

n^nmftmtm^a bubsm o 1 a. sao 
u — if ^e?s i o ift^m»«tifcb— if«Lo^>7 

£U ^-SHfflSSM 0 l »f«LO)tt«fc:»bT 
J: U— IfJttB 1 0 1 *^ffil*SnfcU— «f«LO 

[0073] &*5. /*y— ibibsm 0 1 asm*© 
«*7^;l/**U— lf%L<03tttt*ff'iii»cmao 

y-wssau 0 1 k:43v>T}tt**^E>K:0faoft««» 

«)t7-f;l/**|5HEff**iifcte:J:0, U— *fjtt« 1 0 

[0 0 7 4] ^4b\ U— *fjtt« 1 0 1 OBfiffl^SI^U so 
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-If OBift*»*K»«a£#J»#©0-«!lTfi* U— »f 

ytwmm& 1 o 2 t?ww-r a c £ *c £ s . u— 1 

0 ifrsai*snsu— ifjtLo/<!7— sHip-racfc 

gi54 0 latfu— ifjesHWwwi 0 2oa< fct^-r 

SP 1 0 2 ±S b-if^L^^y-tDPJiffiircttT^a^ 
«0^ffi*mH*fcT#*OTfentf^<^7— «a5SB4 0 

1 WSTSSo W±KWLft/<y— ©BttlStt. U— If 
4PX»0»f*«^Tira***»««l» 1 2 7tc4- 

[0 0 7 5] IfiPX^B 4 0 Otitic* li 
BBSB4 0 1 T»^!7-^niP^nrc:U-1f3ttLtf A»U*^ 
Ol/- lf*L^ttcD|qj^^9 0° g*.3«J:3K:E«;£ 
tlfc^^oY ^^5-5— 1 0 3 
5— 1 0 3TfiS*«tlftU— »f3ttL**)tt"rsjfe)tfflU 
>X*«»*trU>XjHft«*l4 0 3L U>X3BS5« 

st4 0 3**jw-rsu>^as?««*j«BB4 os^ ^ 

[0 0 7 6] I/yXI«ffi«4 0 3ti«^ffll/VXlO 
5a. 10 5b. 105ct cne^St^^fi 
4 0 7 ^ ^Ix5o '*tftfl!U>Xl 0 5 a**trtfc* 
KOHDR, jfcftJBU>Xi 0 5 b*frtr3tt*JROIBn 
0 5 c*#tf}t^3R©BBP»tt*n 

^fnsaso u>XiiKa^4 0 3», i^>xa»?«« 

WWSB4 0 5fr£><DmmcM~3^T3cnfa4 0 7^:©^ 
?«Ci:ta^lffl^Xl0 5a, 10 5b. 

1 0 5 c<D*frzmm<Dmytmis>x*u-v t ytL<Dyt 
«±k:e«***o -rate*. u>xas?«»4 0 3tt 

[0 0 7 7] ftfe. U>X)ltR«l*?§4 0 3CTf#f>n 
SiBtfflU>XO»a:3«»c»^*tl-f, ftifiW©» 

«Mffll/yXl0 5a, 10 5b. 105c<D-5-£H 

[0 0 7 8] 1ftt3XKB4 0 OttS&JC. ^*fflU 
>X 105a-105c©5^ U— 9'm(D7 , d;ffi±^@E 

nsirax3*ft» 1 ^ti^n^ii^ 1 0 7 h. tea-^ 

1 0 7^X«h*fqjtC^i!i^^:S/ci60XttXx— S^l 0 9 

mmt$\ 0 1 *m?imcntt%m?3m^mi£ 

^ZTctbcDm^-T-iS 1 1 1 SM-^ 1 0 7^:XW^ 
■r— ^ 1 1 3 Ltl^HOOXf-^ 10 9,111, 

1 1 3©g«&*ffl»-r*x^— ^»a»api 1 5^. 

X. So 

[0 0 7 9] ZW*lRlttiPX»ftW 1 CD^®3 illS^-r 
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77-^10 9 (111) ^<fct)X(Y)tt>3fRl^^i&^-& 
SC^I:J;^t5o xmiXr-^l 0 9 (l 1 l) # 

[0 0 8 0] 1 0 1 *fft*5S£ 

•TSNdiYAGU— IfTSSo »fftiR 1 0 HC/ll^cI 10 
fc*<T*«l^1fi:LT. C(D(1 Nd :YV04 ^Nd : 
YLFl^ — "tf -^^^ >'9 , 7r^7b — If^feSo £^y^ 
«iS J ^JSIttftia*«*JKi«'r««^. Nd :YAGlx — "9\ N 
d :YV04 U— +f. Nd :YLFU— 1f*flai/^<0*W2TfeSo 

[0 0 8 1] SSI &0T^±*PX^%| 1 <E>iPXfc:/<;l/XU 

T?f?S&631ttiSU— 1f*fit*fe«J:^o *3tffll/>Xl 0 
5 a — 1 "0 5 c BDtf9©-«l1?fiS; 'Z*Xf-? "26 
1 1 3ttU— 1f3tO*3tjS*iPX^*OrtaJfc^to-a 
«T?*So *7tffiU>Xl 0 5 a~l 0 5 c 

*Z«i^riSifc:^»SHi:«ci:t«:J:oTfe, U— tfft®* 
3ttjfi*iPXJt*ttortaJfc:'frto-&ac k^t»*S 0 
[0 0 8 2] 1fJPX»«4 0 0tt*6JC. mWttl 

0 7 fc:*B*nfcliPX«ftft l *BT«3tt»fc:J: «5 8HWr 

*fc*fc^ayfl»*«ft-r*«Rffl3ttaiii 1 7£. *v 

^a>r^^^^— 1 0 3Stf*)tfflU>Xi 0 5 4: Hi; 

««i±k:E«snfcBra«ffloif— Axyy 1 i 9 

^filx^ 0 If— AX^Jyjtl 1 9fcH3ttJBl^>X 30 

1 0 5 tcomc ^V^D^7^^7- 1 0 3tfEBSft 
Tl^o ^X^'J'^l 1 9&. W«3WB©tt¥# 

* 1 1 9-p»^tfg»sh, co£»snrcRrffl«» 

#£V^n^y^^— l 0 3Rtf^fflU>Xl 0 5 
*»» U Jpx*ttMft 1 ©«BrPS^-< > 5 trS 

[0 0 8 3] WDIgi4 0 OttSSfc, tf — AX 40 

xu -y* 1 1 9. x-r ^a-r-/>>^5- 1 0 3Sff** 

0 5fcrai;^±K:E«snfclWfcllH !t l 2 
lRtftt«U>Xl 2 3^:fiix.^o 1 2 1 

Tte ftlx fcf CCD (charge -coup led dev ice) il*^>1$%>Z> 0 

mm^^-f> 5 ^i^frSffi 3 *bb«8 LfcRi«jtttto 

E«3tttt. MfflUVXl 0 5. XY^n^^^- 
10 3. If— AXXU^y^l 19^2iSU *S^U>X 
1 2 3T*t?nTS«If 1 2 1 TtWStl, JS^t* 

[0 0 8 4] IftFPXSa 4 0 0^?,^ so 
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1 2 i^sm*^nfc»«x-*^A*sns»«-r-- 

^©SSP 1 2 5 9*2iPXSS4 0 0^***J»-r 

£^{*ft«gP 1 2 7 ^r-^ 129^ *fit*S 0 St 

^fiiB 1 1 7TH*Lfc«I*l7 , e^^*ffi3±^^t>^: 

LTX-r—^JSilgP 1 1 5#Z$4X^— iSl 1 
MATT* c tic* RrS)to^*^ffi3fc^3«fe3 

fc-rso £^t. a»-r— ^Aaagpi 2 5tt*-H7* 

S125I4, »«-r-**afc:LTaffi3<ota;*H««¥ 

1 2 7&cj££>n. ^frttww^asttatfftsn. ^e- 
^ 1 2 sizmznzo cntCcfco. 1 2 9103:3: 

[0 0 8 5] £f*4Ufl|Ig|5 1 2 7 Xf- S>#JHMB 1 

1 sfr^c^r-z, mm^-zmim 1 2 s^eoift 

ag«uanSP 1 02, IHISUBftiBi 1 7^rjx^-> ? $ijffligp 
1 1 "5*fM»^SC'fclcJ:?>*" -9*iPX^«4 0 0^ 

hfcbrafii-rso sft. £#*j»spi 2 7ti 
/w— nsffiau o i t«*wfc»«snTv^ 0 m3 1 

/W— 8SH58P4 0 l «MWU cnfc<fc«3/<y— 
[0 0 8 6] El 3 2 1 2 7 ©HMO^S^ 

*^"rXny^BlT?**o £fl*Wtti 2 7t*. ^t£iii 
W4 1K fBBHMGttBM 1 3atra«fMc8M 1 
5^«x^»o ^8318595 4 1 lfcttU— tfiJPXSHOSI 

XSt^fttoOtftJtfflUVXl 0 5a. 1 0 5b. 10 
-£r. £ttfflfflff 1 2 7 ^m^ffll/VX 10 5a. 10 5 

b. i 0 5c. ^n^noBflnft^feasLT**. m 

^^nfc^fflU>X%#tr)t^5ROBBP»OT r -*^ 
[0 0 8 7] *BBBBB«SH*a5 4 1 3^t±. /<;WU-1f 
y hOTfffifc<0«B8B«*^«>Eit5nTt^S o EI3 3 

cofflgaga^^-r^— ^©-mt£5 0 cow 

Tti. BHPftOfBkltiilJttfflUVXl 0 5a. 10 5b. 

i o ScO^tzio^T. *n&*^trttt^©BBn» 

^Sg^tiSo OWkitt/^y— iaii5g|54 0 1 tcj: 
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MxJf, 'W-tf 1 . 2 4 X 1 0 n (W/cm 2 ) 
T\ BBPft^O. 5 5^0i:f^M^nWax*7h 

«*tf* U— 1f4nXlftfc:H2 2—H2 

[0 0 8 8] Tf?iSS?gP4 l lK^^y— 0**SRtfBB 
PS(^f^A^^ci:ta^ ^£)1*RSP4 l 

0*§£rii#?U *OSBtcm^£^i£Ox--££^e-£ 
12 9lC^o cntC^t), 1 2 9lC&A*l2tl 10 

Sf 2 -^^^^^ i 2 9izm^n^o 
[oo8 9] 7fi*as?aH i i -eawsftfcfifc:*M?r 

SvTftOx-*^ ^"ffiSftgM l l^611«fpj«SP4 

i 5^issn*o iwamsau i s«\ cLOvi-ao^— 

ricU ^e~£ i 2 9tc}M^o cwa^ 1 2 9 

[0 0 9 0] ><7-<D:*:#S*BffiU HPttO**S 

4 ^^VT^-Mc^o /^v— 1 . 49x10 

11 (W/cm 2 ) fcHSLSPS^O. 5 50£#lz:JK/£2 
MSSX^7 hO^tffite 1 5 0 /xmTfeSo us 

□ao*t«*s^L, ^-o^^pj^-r^c 

S5o M^H IPS^O. 8hi^L^7- tfl. 1 30 
9X10 11 (W/cm 2 ) (Dk2lcmj$.l£tlZ>Z5LmX#y b 
Oolite 3 0 /zmTSSo 
[0 0 9 1] i3 lRtfia3 6*JB^T. *HSS 

teu cou— ifiiix^ffi*KW-rsfc«>07o---^^ — 

[0 0 9 2] i;-T\ iiPX**** 1 OJtKlR«ftt%H^L 

^ssoi/-m%^4t5 u-ifjtis 1 0 1 %mfe 40 

tS(S10l). Jfcfc* l OJPS*«BE-r 

£0 IP^OiBS<S»RtflinX»A»lOJBSf**S^L 
T, ijpxfcf»H& 1 oztt7?iRio^»»*i*^*rs (s 1 0 
3) 0 Cti(t U— 1f3ttUO!ll«^P*<fclxa** 1 Oft 

£ u— *f3tLo«3tja[*a»fc Lfcipxwarti! 1 oz»?r 

[0 0 9 3] iPX3*«flj 1 * *f tUJimm. 4 0 

s^i 0 7tc^a-r^o fir, wmmytm\ 1 7^6 so 
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RTS3e*«**«TlPXJ««l*!BWr5 (S10 
5) o SWStlfc^Bf^S^^VSft^tPllPXJMfeiftl 

©Sffi3^aiiif 1 2 ifc<koti«-rso ^wif 
-*K«^T»»x-**ra« 1 2 5 immmytm 1 

1 7 o 3 icffilt 5 ck 5 &Mf- 

Z^Wm-tr* (s 1 0 7) o 

[0 0 9 4] COfiU^-r—^teXf— s^MUffi 1 51Z 
m^ti&o X"r—iypmS^ 1 1 5ti\ COMf-^^ 
S^LTZiXr-^l 1 3^rZfS7?fR]O^S!l^H±^ (S 

1 0 9) o CtlfccfctK SSKfliftSl 1 KDnSWfcCDM 
*tf«l3H:ffimo ffl^X-^^figPl 2 5 

^%i^SB3 0ffi^ili^T r --^^S:'r^o cos 

*Mf-?H:i««WI! 1 2 7^LT€-^ 1 2 9 
[0 0 9 5] ^SijgSgP 1 2 7 fcltt^a&XT^y 1 0 

mo*3^p^*ix«ftftiortaBfc&sffl[«k:, zw 

Xf-v' l l 3 J: OftlXfcMMS 1 *Z(ft*iR|Ji:»ftS 
« 61 1 Do 
[0 0 9 6] ^C, ±|2TSftHJbrc:cJ;3^/^y-Stf^ 

p*o****^«wii«i 2 7tcA^-r^o AA^n 
y-iafi&au o nccfc^iHfiS^nso A2isnfcBSpa 

©■r-*fc»^T. BBP»ttl^vXl!W*«»JW»4 
0 5*^LTU:/X»jK«*4 0 3*<**fflU>X*a 

£fl*JWSl 2 7 O^ffiiliRgfl 4 11 (0 3 2) £A*J 

*>4px3**«i i ort»«cjBi«*tLS*H«Hx^^ ho 
^■jsarf*HM!iax*y h©w^-^ 1 2 9^a^ 
(si 1 2) o 

[0 0 9 7] U— 1 0 1 ^jm* 

58£*-ti:T. U-1«tL*iiPX»*tt 1 OStffi 3 O^ISt 
Y > 5 KJHJIrt-*o ?f i^JtebftPttiiPXJ* 

m% 1 ortgptc{4BLTi^oT\ }gaii«ia®«tiipx 

-T>5 J: o tcXfflXT 1 — 1 0 9^>YiXf-^ 1 

fe v «9^3^j!jpx^%f 1 ortSPtcJBfig-rs (Si 1 
3) o ^LT, iFPX3*ft»i*«]»rF€9>fV5te:}&o 
Tfttf«cii:k:J:0. iPXWft* l *«IIR-r* (Si l 
5) o CtUCJ:*). flPXJ«fc»l*^U3>?-y7fc» 

[0098] mi «o5»**KW-rs 0 cnfcicfcntf. 

^^iH*jBc«***ffT^oiiPxa«lW i o^igp 
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xr->'i i i»a?«L^ia^ a^p^ 

£{t««) *«I»rPffi5-f >5»c»3 *3fciPXSt.W* 

i: LTSWrPffi5-r > 5 fcij&o TilOXJttM* l *S! JS c 
Jt«W/J^a*T*PX3«»l««BWSC 

[0 0 9 9] Sfc, ^lPnatitl ftPX2MMfc 1 fcl* 

5lcHg£JLTl^5o ioT, a>x U— FftLttiPXiSf 
l ;&Siau <iPX*f^ l ©8B3?li^;l/XU- 

CO l 0 0] WJiBiWUteJ:5»*:SllWfc:J:ntf. *PX 
JttMS l ^Sffi 3 lc«WrFS5>f > 5 * 5*Mift^e» 

awn^sn*^ c§c^^<, *px*fg«i 1 ^« w-r 

>*<JBfiRStiTt>SiPX*f*» J f», ffiSfft^x 
affi^*^^^X^JB^^nTt^iPX»^^ou> 

[oioi] sfc, ^ i MKottitf, ipx*t*fti i <om 

##^^ykaa««iRi±oHH-e«*o ) 

cnic^t). — fto*px»«»i^6fWHans 

So 

[0102] ^iMu:j:ntf, inx*ti^i<D^ 
ffl^fc^>rs/>yj:«jfeii»ftipx^itei:aso ix 

tf , HI 3 7 tC^-T £ 5 iCWWrf&V't > 5 W««t3S:J^R 
t'feot^ Si WCcfctltfWBfftPX^Rlftlh&So C 

[0 10 3] [S2«l]*^ *^aSJBttO»2ffi»t:ov^ 
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1fiPXgS5 0 0©«Hi«8T?6So 1f*PXft« 
5 0 0OiflcS«O5^ H3HCStSl«lC**l/ 
— «fftlX««4 0 0O«ricK*fcH— fiHSfcO^TfctHI 

[0 10 4] +fiPX^B5 0 Ofc*. /<?HTOP8M 
0 l ££V^n-r^^-- l o 3 hOHOU— »f)tL 

S Q lf-i,x«/^^5 0 Uift^grrNfetK If— 
Ax^X^^S 0 UC J: t) U— FftUDlf— AS**;*: 
10 -5 ^IHfiBanSo ^Ax+x^>^5 0 1 

ttHn«H«#«©-«T**p P-lfiPXgg 
5 0 0 tt U>X3»?a«l 4 0 3 ©ftfe t) 1 OO^Ttffl 
U>Xl 0 5£-<lx.£o 

[0 10 5] U— *fiPX««5 0 OOlfWS 1 WI^U 
-1flinX*6llO»fffc»ft«jSK4, ±ftfW»fiBi 2 7tc 

e-Ax«^>?5 o i ^t^ic^^nn^o 

0 3 8tiilOH^fBSLt^5o £fWW»Bl 2 71: 

20" mamco^^^xti^n^'c'tic^r^mm^i " 

2 7l±*f-Ax*X>^>^5 0 1 ©«2tS*£AS»J»* 
b>Xl 0 5^10WoTt, 0 5^ 

[OlO6]039fci. If— Ax^X^^S 0 

i^nt^^^i^i^ffl i/vx i o 5££su— »f 

7tL(Di3fe^t0T^§o — H40«, If— AX 
30 *X^>^5 0 1 ^IBS^nTl/^^iO^TtfflUVX 

1 o 5twu- «f)tLoitofc*^-rHT*sao in 3 9 
arfH 4 o *jt«rrn«f * 5 if— ax^x^ 

>^5 0 1 ft^E«anT^&V>»^<Oj|BfcfflU>Xl 0 

< as £ a tcposrr s d k s Q 

[0107] [S3i]», *SMBgfflo»3Wk:ov^ 
ou-ifftii««6 0 0O«i*l(lrtH-e**o b-ifip 

40 — 9*APXS«0«rfcS^ ^ |Wf — 53R o V > T t± |r|— 
*f*"T c k ^ <fc 0 *OBtK*#W*r So 
[0 10 8] U-1fftlIgi6 0 Ofri. If— AX*X^ 

*7t^u>x i o 5 ttoM&\^vyeuD9tM±ictaz 
shoi tfEi^ntv^o J(bib«o 6 o i comn<o 

^ii^fSo 6 0 1 J4BBP»BM5#ao— 

SSo Sfc. 1f*PX««6 0 0ttH«»?) 6 0 1 O 
BBPO*#^*S^S*J»*-rs*DKtt?)*JWSS6 0 3 
so Mk^o !ff5g3K D S0»8P 6 0 3 ti^MfflgP 1 2 7 £ 
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[0 10 9] 1fSPXSS6 0 0©»^(in$TO 
2 7JcA**nfcHP*o***k:»^<IIIP»oiIW 

?$5o «firaxiia6oottA**nftiHPfto* 

f?*fc»^T*Hg«9 6 o i 

C£K£tK *7tfflU>Xi o 5o*s*gotB^-rs« 

gf5^-T^o CtllZk*)^ »)fcfflU>Xl0 5tflOT*6 

[0 1 1 0] m 4 2 ffisgtto^EiisnT^ftv^Ji 
^(omytm u>xi o 5 £ s u— ^m^m^^^-r 

87*«. 04 3l±. JBBtt!) 6 0 1 tfElStl 

«*StaT?$«o H4 2HtfH4 3«Jt»-rtltf«h!P 
>Xl 0 5*tty«*3R©HP8*S*lt:tSi:, Sg3 

<£>o 20 

[0111] ^tc. *ias»»o«jgfl««siflB-rso 0 
4 4ti*||jffi^ou-^ipxg«o^^J^<ix.?>n 

2 7t±^y— ss?gP4 1 7 at; ffiMBa^istisP 4 1 3^ 

fiI*&o fBMIltlffiEttSM 1 3fcH\ EI 3 SfcaWHBB 
■•Of*— #^*E<tStiTv^o U-^*PXgSo 
tHtt*tt*— #— K*fc: J; 0 /^7-IS?S 4 l 7 £3* 

ipx»*%o»«^»K***fliLTafcs*n«o 

4 1 aA^co^ffi^racffiOTfjSfcw/s-rs^^y—* 
3W?u ^^^y-siig5gR4 0 nc^ 

IilTb- ^iDX-TSCfclcj; 0. nffao^*ffi©5ScK 

t^of-^K-^ 1 2 9£fc2S5n, ^y-cr>±^ 

JtfSfx^nSo dOffJTttHPft*^HffiT/^7— WpT 

WftEttSM 1 3KE«snT^ft^*g\ «fcifi^fii 
^ffitc^js^^/^y-^T ? --^^^y~HSiiigp4 0 1 « 
stf-t-^ 1 2 9fc2£&nso cnttWTfcKwrsa? 

[0 112] H4 5tt*HS6SJBffiOU— tfipxSHOffi 

fe^o iwiwi 2 7annssais4 1 9 smew 

HAE1tff4 1 3^tI*£o 04 4(D2mmt.m&z& 
MHftEttSM 1 3lcte. i3 4tC^-rf ? -^^A6fB 
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*A*rr*o cn^s, bbp»»s?«4 1 9 it. mm 

BB«E«SB4 1 3^6CO*fj5fefcBli:*OTfttK:»firr 
SDfiPKftSlRU *0IHP«07 f -**l^>XaR« 
«SfJ»SP4 0 5, lf-AX^XM>^5 0 
9*0W»6 0 3fcaS3o J:oT, cKDBHP«0**Sfc: 

HIP ^nfc if inx^ST* u—*f Jmx-r £ c £ £ <fc 

COgaPStO^C^^Ox— iJttt— * 1 2 9tC& 

aM^n, iJBP»o*#stf*^sn*o c^jti^w 
-*«HfiTiiiPB»«RraEfca*o 

[0 1 1 3] 0 4 6ti:*llffi«^U--+f , ijPX^S^^ 
5fc:ffto*»ffilkHlA6n***IW«i«i 2 7<D:/n*y 
^H?65c £{**J8PS0 1 2 7 fcfcfflS0?SI5 4 2 1 Rt/ffl 
BM«Effi8P 4 1 3&ffiz-2> 0 0 4 4StfH4 5<D0!I4: 
BftS^H:. ^y-RtfBBPjROW7J^»R*nsck 
T?fc& a *BB8B8«E«g|54 1 3fctt, 03 3O^7-R 
tf BflPftOfi ^ QfflBBBBftO-r- * ftEfiS 

DfiiBftSM 2 1 fcfifc«X#*y h^M^a^A^t 
£ D cntCcfcO, fflSftSM 2 1 H\ *§WII8<&fEtI3fl4 

i«paoffl*as3-rao iRsnfta©^9-of-j' 
^y-irogiu 0 1 tsssnso — awstifcffl 

©iPS(7)f-^«U>XI^WJW4 0 5, tf- 
AJi^X^V^5 0 lX«tt«»0*JWgP6 0 3tCaM8 

fiS^r tife if 4px*«t if Anx-r 3 c £ £ 0 . 
£ 0 coffl^^y-soT^pa^^^oT 2 -^^^- 

* 1 2 9fcfe3!Sft. ^y-atfllBPft©****'*^ 

[0114] cnsoaaBMfc-fctiHr, 
Ltmso *px*f*«jo»*^*#t^»&. aix 

[0 115] 

mmv>mm *a«u:«*i^-if*nx««atfu-if 

iPX^i£^<tnJf. ftiXJ«fc«ioaffifc:»l|J?«i»rPffi 

^wrsch^T^So ^ot. inxwAft^ftusf-rs 

[0 116] *KBBfc«5U— ifiPXife«25itflx— IfiD 

■ft?*, * ft¥fift«»fffitf * c k -e**. 
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[0 117] *»Wfc:fllSU— WiDXg«fc:J:htf, /< 
[0 118] *«KK:«SL/— »fiPX«BJcJ:ntf, 2fc 

[0 2] 0 1 tc^iPXWawon-iijia^jGofcBf® 
[0 3 ] **fitiJg8ltc«S U— »fftpX73}S E cfc 3 U— if 
[0 4] H3fc^iWX»ft*OIV-IVl(lJC»ofcllfaB 
[0 5] H3fc^-riPlJ**»«)V-W8fc:»o^WffiH 20' 
[0 6] «^tt»c«*l^1«wX*tt^J:oT«K 

2 nfcipxw tft^WBTS £ o 

[0 7 ] *HflBBJftfc«3 If iPX*ffi^fi»S«H 

[0 8] *HttStt(cA« u— »f4px*ffioa l X8fc: 
33 1* £ *PXi«fc»©KffiBIT* S o 

[0 9 ] *nm&mi£&z is—*ri)ux33m<Dm 2 xntc 
[010] *mimmi£%z u-if ipx^jio^ 3 ig 30 

[011] 4e3M»J«l«:«*U— -!fiaX*ttoa4Xfi 
fcl3»«4PX»«t»©l|fffiH'T?feSo 
[0 1 2] ^fiS^tc^SU-1f*PX^ffitc<fcD«J»f 

rc0T^^o 

[013] ****«ic«*u— iftax*ttfc*»«b 
-if t v a vs«©rta5©aiia^ £ ©bb«* 

[014] **M«ttfc:«*U---1fliPX*ffi*fflv^T* 40 
v h*Jt«flft*:#<JB«l>fc»^OlraXj** 

[0 1 5] 0 1 4K7F&Wm j f'l£ z 7'( >±£0XV-XV^5ft 

[016] 01 4tc^-r^j»f^^-r>i:S3^-rsxvi- 

[0 1 7] 0 1 4tc^"TiJJBf^^^>^S^-rsxvii 

[018] 01 4^^-r^3^T^^-r>hH^-r^xvii 

T-XVIIItcieoT-WBrLfcWfffiBI-efeSo so 
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[0 1 9] 01 4fc^*PXtt*%*«K^^>fc: 

[02 0] 3^»««k:«SU— 1fJPXS'ffi*fflV>T* 
^y*X**y h*Jt«aM^<»*bfc»dO«»rP3e 
^^>fc:»ofcfciX*fft»©WffiH1?*So 

[02 l] H2 0»c*-r*PXJt»»«9I»rPffi5>f>K 

[0 2 2] HffiOIBP*0«}ttfflUVX«ffll/^T/<;l/X 

u-if^^ipxwftft^rtSPfrc^^nTi/^sttffi*^ 
-r*nx«ft*owHBi"e**o 

[0 2 3] 0 2 2k:^-ru— ifjttoMftffc:«J:-5^)t?R 
iR*<KHTJB«snfc*^'y *X#-y h***rtnx*ttfc 

[024] 02 z\cttm&v±^mnm<D%kjtmi' 

>X*fflt^c«-&oApX3*ftttiOBfS!iaTa&So 
[02 5] 02 ifJttiDJIHi*te:J:**>tt?» 

[0 2 6] 02 2 K:fxtgJ* t)/JxJivw^o^;l/XU 
-'1f^*ffli/^Tc«^iPXWa%OBfBS50T&s; '* 

[02 7] 02 6t:Stl/-fMl^ai»M^ 

[0 2 8] 0 2 4K^-rffBJ:?}/JxSVv^'7— 0/<;l/Xb 
-lf^*fflo^«^ojpx»*»o»fWBI"Pfc*o 

[029] 028 &c*rT U— 9* JtolHW fc: £ 3 ^7t?85 
iR^HH-e««Snfc^^'y^X#y h^^tfiPX^ 

[03 0] 02 1 K^Wmtt? 'f>£W.lt'? ZXXX- 

[031] *HSSJB8g<0S 1 MEtiS U-1f APXgBO 

[032] if4oxa»fcHiii6n 

[0 3 3] *^SSE««I^--1fADXSBO^M* 

^tc^^n^ffi^^fs^ov L -^^-M^^*r0 
[034] *^asjpjstc:«au— «fjpx*«o^(**j» 
0-efe^o 

[0 3 5] *H*JB«fc:«SL^ifftPX«fi<D^(**J» 

[036] ^mmmmcom 1 wc^s tf tpx^a* 

[03 7] *^Sfi«flg<Das 1 fflEffS U— if *px*J* fc: 

* o«w^tia/<>— >*ira^*ft»o4px«*»o 

[0 3 8] *jt«JIMO*2«fc*«U-1f»JattBO 
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[03 9] tr-Ax+x^>^ES?nTt^i/^^ 

Mftm is >xk £ u-^ytcDMyttt^-tm-e&Zo 
[04i] * nmi&mvm 3 mia&z u— Ffraxsa© 

[042] m^M^^wm^nx^r^^comtmxs 

[043] mim^tmm^nx^^^mtmv^ 

[04 4] *^?g«©U-1flraX*«<D«JB»JJuli^ 

[0 4 5] *||M«JBou--»fftix*Boa»ffOK:«t^ 
[0 4 6] ^fiPXggO^M^ffi^ 
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(51) Int .C 1 7 mmt^ F I (##) 

B 2 3 K 26/06 B 2 3 K 26/06 Z 

C 0 3 B 33/08 C 0 3 B 33/08 



»H*s*ftT&mwtrii26«*6o i 

(72)^# ffl^ea ®ft 

»ra*^tBTfjm»wiii26S«fio i 



f^-a(#%: 



4E068 AE01 CA02 CA03 CA11 CB05 
CC02 CD13 DA11 DB10 DB12 
DB13 

4G015 FA06 FB02 FB03 FC02 FC10 
FC14 



